While 40% of disease is caused by group C in all age groups, there are more deaths attributed to serogroup C than serogroup B in the 11-24 year age group. 14 
Development of natural immunity
Development of eVective vaccines requires an understanding of the development of natural immunity. The incidence of disease in the first six months of life is low, suggesting that maternal antibody acquired transplacentally or through breast milk protects against disease. Nasopharyngeal carriage of Neisseria meningitidis is low during early childhood, but carriage of commensal Neisseria species such as N lactamica is common. 15 Exposure to these and other cross reacting antigens, for example the polysaccharides of Escherichia coli K51 and K53, are thought to result in an antibody response to common antigens which protect against disease. [16] [17] [18] Concentrations of bactericidal antibodies increase during childhood and adolescence, and in the case of serogroups A and C, this correlates with protection against disease. 16 About 25% of young adults harmlessly carry N meningitidis in the oropharynx. It is thought that this exposure continually stimulates an immune response, providing ongoing protection against invasive disease.
MenC vaccination aims to provide protection by stimulating the development of bactericidal antibodies directed at the polysaccharide capsule. While these are an important component of immunity, 16 antibodies to other cell wall constituents such as outer membrane proteins and lipopolysaccharide are also thought to make a contribution. In addition to specific antibody and cell mediated mechanisms of immunity, non-specific mechanisms including complement activation, non-specific opsonisation, and phagocytosis are likely to be important in protecting against disease. The integrity of the oropharyngeal mucosa and mucosal immunity in the form of salivary antibodies may also play a role in preventing invasion.
How does the new MenC conjugate vaccine diVer from meningococcal polysaccharide vaccines?
Purified polysaccharide vaccines containing either A/C or A/C/W135/Y polysaccharides have been licensed for 25 years. EYcacy studies of group A polysaccharide have shown good short term eYcacy of 85% or more in older children and adults. They are currently recommended for use in military recruits, control of outbreaks, and for travel to areas of high endemicity such as the Hajj.
14 Similar levels of eYcacy have been reported for serogroup C polysaccharide in adults. [19] [20] [21] Children less than 5 years of age, however, have a limited response to purified group C polysaccharide, 22 23 immunity is short lived, 24 and there are concerns that repeated doses of group C polysaccharide induce a degree of hyporesponsiveness, [25] [26] [27] a phenomenon which might also extend to adults. [28] [29] [30] For these reasons polysaccharide vaccines have never been recommended for routine use in childhood immunisation programmes.
MenC conjugate vaccines use the same technology as the highly successful protein-polysaccharide Haemophilus influenzae type B (Hib) conjugate vaccines. 31 Conjugation of the serogroup C oligosaccharide to a protein carrier, such as tetanus toxoid, facilitates T cell help and switches the immune response from a thymus independent to a thymus dependent one. 32 This results in an eVective primary antibody response in all age groups, including infants. Additionally it allows rapid, anamnestic antibody responses on future exposure to the antigen (called immunological memory).
A number of factors combined during the mid 1990s to create the environment for a major momentum to speed up licensing of the MenC vaccines: there was increasing morbidity and mortality caused by group C disease; public awareness was heightened through intense media attention and demand for a vaccine increased; Hib conjugate vaccine had a dramatic impact on Hib disease 31 ; and results of early clinical trials using MenC conjugate vaccines during the mid 1990s were promising. 26 33-36 The Public Health Laboratory Service conducted its own programme of independent clinical trials to determine the safety and immunogenicity of candidate MenC vaccines in diVerent age groups. 30 37 38 While most of these trials did not include a randomised control group, they nevertheless provided valuable information and helped to fulfil the requirements for licensing.
Assessment of the response to MenC vaccination
Two methods are commonly used to assess the humoral immune response to vaccination: enzyme linked immunosorbent assay (ELISA) and serum bactericidal assay (SBA). A standardised MenC ELISA measures serum IgG antibody against MenC polysaccharide 39 and assays antibodies of both low and high aYnity. SBA measures the functional activity of serum by determining the dilution of heat inactivated sera required to produce at least 50% killing of bacteria by complement mediated lysis. 40 While most studies have used these standardised assays, they do not always correlate well, 23 and others have altered the assay conditions. For example, a modified ELISA has been developed which selectively measures high aYnity antibodies and results in a better correlation with SBA titres. 41 Others have varied the source of complement. 42 This may be important as the correlation between an SBA titre of greater than 1/4 and natural protection against disease was performed using human complement, 16 and the standardised SBA assay uses baby rabbit complement. 40 The titre which correlates with protection following vaccination is not known.
Clinical trials using meningococcal conjugate vaccines
Published clinical trials have used both group C or combined groups A and C conjugate vaccines. Conjugate vaccines containing A, C, W135, and Y are in early development.The group B polysaccharide is poorly immunogenic in man and although one MenB Ps-protein conjugate vaccine remains under development, other approaches are being used to develop vaccines against this serogroup. Three MenC vaccines have been licensed in the UK. Two contain 10 µg of group C oligosaccharide conjugated to CRM 197 , a non-toxic mutant of diphtheria toxin, the other uses tetanus toxoid as the carrier protein. 38 Studies of these vaccines have been carried out in all the relevant age groups, namely infants, toddlers, preschool children, teenagers, and young adults. 26 33-35 37 43-46 The first priority of any vaccine is safety, and all studies have shown a very acceptable safety profile. 26 33-35 37 43-47 The most common local reactions in infants and toddlers include redness, tenderness, and swelling at the injection site, irritability, and fever. 48 Headaches and malaise occur in about 10% of older children and teenagers. 46 While no serious adverse eVects were noted in clinical trials, rare but serious adverse eVects cannot be excluded and may become apparent when a large population is vaccinated. As the vaccine was licensed with relatively limited safety data, post marketing surveillance is vital. Paediatricians should report any serious or uncommon side eVect which may be attributed to MenC vaccination through the yellow card system.
Good primary antibody responses have been shown in all age groups following MenC vaccination. In addition, immunological memory has been shown by determining antibody responses after a booster of meningococcal polysaccharide. 26 37 43-45 Studies have given the vaccine either alone or in combination with other routine infant vaccinations. These studies show no adverse eVect on the response to routine infant vaccinations.
Does MenC vaccination prevent disease?
This is probably the most important unanswered question. As group C meningococcal disease is rare, randomised controlled eYcacy studies would involve hundreds of thousands of participants and would take years to complete. Based on a good primary immune response, high levels of bactericidal activity, the demonstration that these vaccines induce immunological memory, and experience with Hib conjugate vaccines, the vaccine has been licensed and introduced without eYcacy studies. The current UK MenC vaccination campaign could be considered as an uncontrolled eVectiveness study. The real impact of vaccination may be hard to assess given the cyclical nature of the proportion of disease caused by any given serogroup. However, it is probable that MenC vaccines will be highly eVective against group C disease and that the number of cases of invasive group C disease will dramatically fall. Indeed, early results suggest this to be the case as the number of notifications of group C disease in vaccinated groups over the winter of 1999/2000 were significantly fewer than would be predicted. 49 
Possible limitations of MenC vaccination
Unlike Hib disease which is caused by just one serotype, invasive meningococcal disease is caused by several diVerent serotypes. There is therefore a theoretical concern that immune pressure from widespread serogroup C vaccination might be suYcient to promote the spread of "escape mutants" through strain replacement or capsular switching. 50 Almost all serogroup C meningococcal disease in the UK is caused by strains of the "ET-37 complex" lineage which, while predominantly serogroup C, can possess other capsules and remain virulent. 51 The impact of MenC vaccination on the rate of overall disease would be attenuated if there were emergence of disease caused by other capsular serogroups. 52 This danger has been highlighted recently by an outbreak among Hajj pilgrims, caused by serogroup W-135 meningococci, which are ET-37 variants. 53 Information is required on the eVect of vaccination on the rates of carriage and circulating strains of meningococci, as a reduction in carriage may confer a degree of herd immunity. There is published evidence that MenC vaccines induce mucosal antibody, which suggests that they may reduce carriage of serogroup C meningococci, 54 55 although this remains to be seen. Dependent on continued funding, it is anticipated that a large scale carriage study in teenagers, who were swabbed before receiving MenC in 1999, will provide some of this vital information.
Future questions to be addressed
An additional, but vital question, is the duration of protection that MenC vaccination will provide. Unlike Hib disease which is rare beyond 5 years of age, the risk of meningococcal disease extends into early adulthood. Protection probably relates both to sustained levels of antibactericidal antibody as well as the presence of immunological memory. It may be that immunological memory is suYcient in the presence of even low antibody levels. This is important as antibody levels can fall rapidly following MenC vaccination. In one study, after receiving MenC at 2, 3, and 4 months of age, only 75% of 12 month old children had levels of bactericidal antibody titre greater than 1/4, the proposed level of protection. 43 Therefore the presence of immunological memory is likely to be critical in providing continued protection. It is not known whether a single dose of MenC results in life long memory. The only study following antibody levels more than two years after vaccination showed immunological memory to group C polysaccharide in 5 year old Gambian children who had been vaccinated with meningococcal A/C conjugate vaccine in infancy, although resting antibody levels were low. 56 If a MenC booster is required, the timing still needs to be determined, but logically would be either at 13-15 months of age with MMR, or at 4-5 years with the routine preschool boosters.
The choice of carrier protein may become an important issue as other conjugate vaccines are added to the routine infant vaccination programme. The common carrier proteins are already administered as part of the routine schedule in the form of diphtheria and tetanus toxoids. This has the advantage that their safety profiles are known, but higher doses of protein, as part of the conjugate vaccines, may result in increased rates of local reactions, and possible immunological interference. "Carrier induced epitope suppression" is one proposed mechanism for this where exposure to the carrier protein results in expansion of carrier specific B cells, directing the immune response away from capsular specific B cells, and leading to a reduced antibody response. 57 With ever increasing numbers of childhood vaccinations, many parents are concerned about the number of needles their children receive. The combination of MenC with other childhood vaccines such as pneumococcal and Hib conjugates is an attractive approach which is currently being pursued.
Close contact of cases of group C meningococcal infection should be given meningococcal vaccine in addition to chemoprophylaxis. The Department of Health advises that meningococcal A/C polysaccharide should be used except in contacts less than 2 years of age until suYcient stocks of MenC conjugate vaccine accumulate.
14 This policy will be reviewed and it is likely that MenC conjugate will be recommended for all close contacts of index cases in the near future. Meningococcal A/C polysaccharide vaccine is still recommended for travel to areas of high endemicity, even in individuals who have received MenC conjugate. 14 Although studies have shown that MenC conjugate can overcome hyporesponsiveness induced by meningococcal group C polysaccharide, 27 30 47 the eVect of mixing polysaccharide and conjugate vaccine schedules in this way requires further investigation. The best approach in the long run may be the development of global conjugate vaccines containing A, C, W135, and Y oligosaccharides, or ideally the development of vaccines based on other antigens which are shared by all meningococci (including serogroup B). These approaches will be suitable for routine use in industrialised and non-industrialised nations and obviate the need for specific meningococcal "travel" vaccination.
Conclusion
Paediatricians should welcome the introduction of routine MenC vaccination in the UK. These vaccines have a good safety profile and they induce immunological memory in addition to high levels of bactericidal antibody in all age groups. It is expected that the national campaign will be highly eVective at reducing the 40% of meningococcal disease that is caused by group C, although eYcacy studies have not been performed. Strain replacement and capsular switching may limit the long term eVectiveness of group C conjugate vaccines, and this concern highlights the need for careful ongoing disease surveillance. In the absence of eVective vaccines against all serogroups of N meningitidis, the MenC vaccine will, at best, prevent less than half of all cases of disease. Parents and physicians should therefore continue to be vigilant in examining for signs of meningococcal disease in sick children.
STAMPS IN PAEDIATRICS
Infant growth monitoring 
